Edible flowers are referred to the non-toxic flowers that can be consumed by human beings for their additional nutritional or medical properties. These flowers are rich source of natural antioxidants, thus exert specific positive health effects on chronic diseases and act as a potential function food. This research paper is focused on the determination of total phenolic content (TPC), total flavonoids content (TFC), and antioxidant capacities of different kinds of edible flowers in China and compared systematically. Sixty-five flower samples were collected from parks in Guangzhou and also purchased from Qingping Market. TPC, TFC, and three anti-oxidative assays (DPPH free radical scavenging activity, ABTS radical scavenging activity, and Ferric reducing antioxidant capacity (FRAP) assay) were conducted. Different flowers presented diverse range of antioxidant capacities, phenolic contents, and flavonoid contents. A high correlation between TPC and antioxidant activity (as accessed using three different methods) was reported. However, a low relationship was observed between TFC value and antioxidant capacities. This study revealed that five Rosa species exhibited strong antioxidant capacities among other samples, and these can be used as potential functional foods to counterbalance the effect of reactive oxygen species (ROS) and oxidative stress.
Introduction
Edible flowers are referred to as the flowers that are non-toxic and can be consumed by human for their additional nutritional and medicinal properties. [1, 2] In China, the consumption of edible flowers is increasing continuously. Chinese have used edible flowers as herbal cuisine, flavor enhancer, or even for garnishing food since the ancient time. [3] Edible flowers are reported to be great sources of antioxidants. These antioxidants act as potential protective agents for elimination of reactive oxygen species (ROS) produced during endogenous metabolic processes. Thus, the edible flowers have been reported to exhibit health promotion effects on chronic diseases including cancers, cardiovascular diseases, chronic inflammation, immune system decline, and diabetes. [4] [5] [6] Previous studies focused on edible flowers reported that among all the antioxidants, phenolic acids and flavonoids are the major phytochemicals present in the edible flowers. [4, 7] Phenolic compounds, defined as aromatic compounds with at least one ring structures and one or more hydroxyl groups, are one category of the important phytochemicals presented in plants, especially in edible flowers. [8, 9] Flavonoids (flavones, flavonols, flavanones and anthocyanins) are a large subgroup of phenolics, reported to be present in significant amount in edible flowers. Flavonoids are defined as molecules with at least two carbon-linked rings structure bearing one or more hydroxyl groups. Both phenolic acids and flavonoids have presented substantial evidences of antioxidant effects due to their actions on free radical scavenging. [4, 6, 10] Edible flowers have gained the attention of food scientists and functional food companies due to their specific positive health effects on human bodies and potential to act as a functional food. Thus, the study of the bioactive substances present in edible flowers is of prime importance for the better understanding of their health benefits on human. Although a number of articles provided the fact that certain common edible flowers contain high quantity of bioactive substances such as phenolics and flavonoids. But, up to our best knowledge, systematic comparative studies on the phenolic profiles including phenolic acids, flavonoids, and antioxidant capacity of large number of edible flowers have not been carried out till now. This research intends to determine the total phenolic contents, total flavonoid contents, and antioxidant capacities of 65 edible flowers collected from China. The result of this study can provide a more complete profile of antioxidant capacities, total phenolics and total flavonoids of a great number of commonly consumed edible flowers from China.
Materials and methods

Chemicals and materials
Folin-Ciocalteu reagent, (+)-catechin, 2,4,6-tri (2-pyridyl)-s-triazine (TPTZ), phosphate buffer saline (PBS), 2-diphenyl-1-picryhydrazyl (DPPH), 2,2ʹ-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), butylated hydroxytoluene (BHT) were obtained from Shanghai Yuanye Biotechnology Co., Ltd. 6-Hydroxy-2,5,7,8-tetramethlchroman-2-carboxylic acid (Trolox) and trifluroacetic acid (TFA) were purchased from Sigma-Aldrich Co., Ltd. (Shanghai, China). Sodium carbonate, sodium nitrite, gallic acid, sodium hydroxide, aluminum chloride hexahydrate, absolute ethanol, absolute methanol, acetone, acetic acid, potassium persulphate, sodium acetate trihydrate, glacial acetic acid, saturated hydrochloride, ferric chloride, and ferrous sulfate were purchased from Tianjin Damao Chemical Reagent Co., Ltd. (Tianjin, China). All chemicals were of analytic grade unless specially mentioned.
Sample collection, morphology, and moisture content of flowers
Thirty-nine kinds of flower samples were collected from the Qingping Market, Guangzhou and 26 samples were collected from local parks in Guangzhou, China. In order to make sure that the selected flowers were non-toxic and edible, selection process was carried out carefully according to some illustrated handbook and previous researches. [4, [11] [12] [13] [14] [15] [16] The collected flower samples were airdried for 1 month. The sample ID, Chinese names, English names, scientific names, moisture content, morphology, and sources of respective flowers are presented in Table 1 .
Sample preparation
To determine total phenolics and antioxidant assays, the flowers samples were cut into fine pieces by a scissor. Each dry sample (0.500 g) was soaked in 10 mL of acetone/water/acetic acid (70:29.5:0.5, v/ v/v) solvent in 15 mL centrifuge tubes according to the method of Li et al. [4] The samples were extracted twice by shaking on an orbital shaker at 200 rpm for 3 hours each at room temperature, followed by a centrifugation at 3000 rpm for 10 min. The extracts were combined in 50 mL centrifuge tube and the final volume of extract was recorded. The extracts of different samples were stored at 4°C until further analysis. TPC was determined according to the method of Xu et al. [17] TPC was expressed as gallic acid equivalents (mg of GAE/g sample) on dry weight basis. TFC was evaluated by a colorimetric analysis. [17, 18] TFC was calculated as catechin equivalents (mg CAE/g sample) on dry weight basis.
Determination of antioxidant activity
DPPH free radical scavenging activity of edible flower samples were determined calorimetrically according to the method of Xu and Chang. [18] Trolox was used as the standard. The results were presented as Trolox equivalents (μmole TE/g sample) on dry weight basis. The ABTS radical scavenging capacity assay was performed referring to Miller. [19] The ABTS radical scavenging activity was expressed as Trolox equivalents (μmole TE/g sample) on dry weight basis. The FRAP assay was performed by a colorimetric analysis using Fe 2+ as the external standard. [18] The results were expressed as Fe 2+ equivalents (mmole of Fe 2+ E/100 g) sample on dry weight basis.
Statistical analysis
The final data were expressed as mean ± standard deviation (dry weight basis) of three independent determinations of each test. The significant differences were calculated by analysis of variance (ANOVA) using statistical software SPSS (SPSS 15.0.1, Chicago, USA).
Results
Total Phenolic Content of edible flowers
TPC values of 65 flower samples are presented in Table 2 . The TPC of the flowers varied from 5.48 mg GAE/g in cucumber flower to 312.21 mg GAE/g in rose, with over 55 folds' difference. The Data were expressed as mean ± standard deviation on dry weight basis (n = 3).
Since lowercase letter were not enough to represent the significant difference of 65 flower samples capital letters were also used. Data were expressed as mean ± standard deviation on dry weight basis (n = 3). As the lowercase letters (26 letters) were not enough to represent the significant difference of 65 flower samples in the statistical analysis capital letters were also used. 
Total Flavonoid Content of edible flowers
TFC values of sample extracts are presented in 
ABTS radical scavenging activity of edible flowers
The ABTS values of antioxidant extracts from 65 flowers are presented in E/100 g) that is only 1.2% as observed in case of China rose. It is found that four Rosa species listed in the top 10 FRAP values, indicates their strong antioxidant capacities. Pomegranate flower, azalea, peony, and osmanthus flower and two rose species (Rose and Yunnan rose) are the common flowers included in top 10 lists of antioxidant capacities accessed using various methods. However, Kunlun chrysanthemum is the only Chrysanthemum species included in the list of top 10 of various antioxidant capacities testes.
Correlations between phenolics and antioxidant capacities
The correlations between total phenolic contents and antioxidant capacities (DPPH, ABTS, and FRAP) of 65 flowers are also presented in Figure 1 . The correlation coefficients of linear regression (R 2 ) of three antioxidant parameters (DPPH, ABTS, and FRAP) and total phenolic contents are 0.6344, 0.7587, and 0.8588, respectively. The correlation between total flavonoid contents and antioxidant capacities (DPPH, ABTS, and FRAP) of 65 flowers are exhibited in Figure 1 
Discussions
Phenolics in edible flowers
Phenolic substances, containing more than 10,000 kinds, are the major compounds in the family of phytochemicals. [2] These phenolic substances also exhibit health-promoting effects such as antiplatelet aggregation, antitumor, protection against pathogens, [20] and antiultraviolet radiation effects. [21] Primary functions of phenolic compounds is to act as an antioxidant and provide protection against oxidative stress caused by reactive oxygen species (ROS) and free radicals in human bodies. [4] [5] [6] In this study, the phenolic contents of flower extracts are determined colorimetrically using FolinCiocalteu reagent. The Folin-Ciocalteu reagent consists of a mixture of sodium molybdate and sodium tungstate. The reaction between Folin-Ciocalteu reagent and phenolic compounds produces a blue complex that has a maximum absorption at 765 nm. [22] This is probably the most popular procedure for quantifying total phenolics in foods as it is a rapid and simple procedure. However, the Folin-Ciocalteu reagent assay is not specific since compounds with an active hydroxyl group(s) including phenolic acids, flavonoids, reducing sugar, and ascorbic acid can react with FolinCiocalteu reagent and yield a blue color complex, which normally overestimates total phenolic contents of samples. [22, 23] Everette et al. [22] reported that varieties of compounds such as proteins, thiols, some vitamin derivatives, and amino acids can also react with Folin-Ciocalteu reagent beside the phenolic compounds. The Folin-Ciocalteu assay was suggested to be used as a measure of total antioxidant capacity instead of total phenolic contents. It can be regarded as a rough estimation of total phenolic contents since phenolics are the richest antioxidants in most plants. [24] As shown in Table 2 , four Rosa species detected in the experiment including rose (312.21 mg GAE/g), French rose (111.34 mg GAE/g), Yunnan rose (108.94 mg GAE/g), and China rose (284.80 mg GAE/g), are found to have relatively higher TPC value compare to the rest of the samples. Previous studies [4, 20, 25] have also reported that Rosa species contained high amounts of phenolic compounds, and thus exhibits high TPC values. Zeng et al. [20] reported that rose flower contains high amount TPC (92.16 mg CE/g). Whereas, Li et al. [4] reported significant TPC in case of China rose (35.84 mg GAE/g wet basis); and another study by Xiong et al. [25] reported that China rose and rose high TPC contents 205.5 mg CE/g dry basis and 116.6 mg CE/g dry basis, respectively.
In addition, six kinds of Chrysanthemum species are also explored for the antioxidant potential in the current study. Among them, mother chrysanthemum buds exhibits the highest phenolic content, with 55.04 mg GAE/g dry basis. Whereas, TPC of Anhui white chrysanthemum is about 42% of that observed in mother chrysanthemum buds and ranked the least in Chrysanthemum. In previous studies, Chrysanthemum coronarium was reported to exhibit 3.76 mg GAE/g wet basis TPC [4] ; Zeng et al. [20] reported that the TPC values of mother chrysanthemum and Hangzhou white chrysanthemum were 13.04 mg CE/g dry basis and 5.974 mg CE/g dry basis, respectively. Xiong et al. [25] reported that the TPC value of Hangzhou white chrysanthemum was 16.29 mg CE/g dry basis. With respect to the two frangipani samples, the phenolic content of them showed significant difference. The TPC value of red frangipani and yellow frangipani are 56.02 and 20.4 mg GAE/g dry basis, respectively. Possibly, flower samples from different environmental conditions exhibit different physiological characteristics and chemical compositions. The flower samples in the current study were collected from parks in Guangzhou and Qingping Market in Guangzhou. Previous studies have reported a large variation among TPC, TFC and antioxidant activity of edible flowers. The TPC, TFC, and antioxidant activity of flowers is also reported to be dependent on the extraction method. In this study, flower samples are extracted with 10 mL of acetone/water/acetic acid (70:29.5:0.5, v/v/v) solvent twice using orbital shaker at 200 rpm for 3 hours at room temperature. However, in a study by Xiong et al. [25] 80% acetone, 4 M sodium hydroxide and ethyl acetate was used for extraction. Li et al. [4] used tetrahydrofuran for 30 min for extracting fat-soluble fraction of phenolic contents and methanol/acetic acid/water (50:3.7:46.3, v/v/v) for extracting water-soluble fraction of phenolic contents. Zeng et al. [20] used the distilled water under reflux for 30 min for extraction of sample. Some studies have also expressed TPC as catechin equivalents (mg of CE/g sample). All of these issues such as differences in sample origin, extraction methods, and method employed to access particular compounds, makes it difficult to compare the results of present study with previous studies.
In this study, TPC values of edible flower were observed to be much higher than the commonly consumed fruits and vegetables as reported by Cai et al. [26] The phenolic contents of flower samples in this study were determined based on water-soluble phenolic contents that constitute majority of phenolic contents in flowers.
Flavonoids are another class of phytochemical that also plays a significant role in the antioxidant capacities in flowers. They are found to have a protective function such as reducing the morbidity for cancer and cardiovascular diseases, antitumor, anti-inflammatory, and antiplatelet aggregation activity. [18, 27] In this study, TFC values of flower samples are determined by aluminum chloride colorimetric method. Aluminum chloride forms an acid stable complexes with the C-4 keto group and either the C-3 or C-5 hydroxyl group of flavonoids. [28] Flower samples under investigation exhibited similar trend for TPC and TFC values. Pomegranate flower, China rose, osmanthus flower, honeysuckle, Kunlun chrysanthemum, and rose observed to exhibit higher values for both TFC and TPC. On the contrary, cucumber flower displays the lowest value for TFC (0.67 mg CAE/g) and TPC (5.48 mg GAE/g).
In case of Rosa species, the TFC value of French rose (13.43 mg CAE/g) was 30% higher than that of Yunnan rose (10.91 mg CAE/g). This trend was is consistent with their TPC values. Although TFC values of commonly consumed edible flowers are rarely reported in previous studies Xiong et al. [25] reported that Rosa flowers contained high amount of flavonoid compounds. China rose was also reported to exhibit significant amount of TFC i.e. 39.54 mg CAE/g. In this study, TPC values for red frangipani and yellow frangipani is observed to be 3.83 and 15.69 mg CAE/g, respectively. The TPC value for red frangipani was three times higher than that of yellow frangipani; this trend was also observed in case of TPC values.
In this study, catechin was used as a calibration standard for total flavonoid contents. Nevertheless, in the study of Xiong et al. [25] the results were expressed as mg of rutin equivalents per gram of dry basis (mg RE/g). Since the standards for calibration of flavonoids are not same, the results between studies may not be comparable.
Antioxidant capacities of edible flowers
Three methods for evaluation of antioxidant capacity are conducted in this study (DPPH, ABTS, and FRAP assay). DPPH free radical scavenging capacity analysis is a simple method to determine the antioxidative capacity of food. The discoloration of violet DPPH reagent indicates the antioxidant capacity of food as the odd electron in DPPH gets paired with hydrogen from antioxidants present in foods. This transformed DPPH free radical to reduced form DPPH-H. The color of DPPH reagent changes from deep violet to light yellow when reacting with antioxidants and measured at 515 nm. [18, 29] Trolox, a strong antioxidant, was used as standard in this assay. The DPPH free radical capacities of flower samples are listed in Rosa species is also reported to have high DPPH values in previous studies. Xiong et al. [25] reported the DPPH value of China rose as 854 μmole TE/g, that is higher as compared to the observation of the present study. Zeng et al. [20] also reported that rose had a great free radical scavenging activity (94.2%) and also ranked the first in their study. DPPH value for mother chrysanthemum and Hangzhou white chrysanthemum is estimated to be approximately 165 μmole TE/g. However, a relatively low DPPH free radical scavenging capacities for mother chrysanthemum (14.1%) and Hangzhou white chrysanthemum (11.9%) were mentioned in a previous study, [20] which were almost the lowest in their study. In this study, cucumber flower possess the lowest DPPH radical scavenging activity (8.24 μmole TE/g) that is only 1.5% of the DPPH value observed in case of rose.
Only a single method for determination of antioxidant capacities of flowers does not provide sufficient persuasion in the comprehensive understanding of phenolic compounds of flower extracts due to the lack of specificity and sensitivity of one method. [30] As a result, the combination of three methods based on different mechanisms may provide more reliable data for the antioxidant capacities of flowers. That's why ABTS and FRAP assay are also employed along with the DPPH method for antioxidative effectiveness of flowers in this research. ABTS is another method to evaluate the antioxidant capacities of edible flowers in this study. The principle of this method is based on the discoloration of ABTS + through reducing them by strong antioxidative compounds in samples. Trolox was used as calibration standard for the reaction. [19] ABTS + reagent is light sensitive and unstable, thus the experiment needs to be finished within 30 minutes.
The ABTS value of rose was the highest (1036.75 μmole TE/g) among all the samples, similar results are also observed with DPPH method. Among the top 10 flowers exhibiting highest ABTS value, three flowers are from Rosa family, that is, rose, Yunnan rose and French rose. Therefore, Rosa species exhibits higher antioxidant capacities than other flowers. In addition, China rose and white rose displays high ABTS values, that is, 309.36 μmole TE/g and 238.75 μmole TE/g, respectively. Similar results for ABTS value (175.39 μmole TE/g wet basis) were also reported in a previous study carried by Li et al. [4] FRAP assay is another method employed for the determination of antioxidant capacity of edible flowers in this study. The principle of FRAP assay is also based on discoloration. Ferric tripyridyltriazine (Fe(III)-TPTZ) complex is reduced to ferrous tripyridyltriazine (Fe(II)-TPTZ) in low pH environment. This reaction results in the formation of an intense navy blue color and the absorbance of this reaction mixture can be monitored at 593 nm. As shown in Table 3 , totally four Rosa species are mentioned in the top 10 flowers with higher FRAP values. Similar results are also observed with DPPH and ABTS assay that indicates the high antioxidant activity of Rosa flowers. These observations are in an agreement with previous studies. [4, 25] Researchers have paid a lot of attention to establish a correlation between antioxidant capacities and TPC as well as TFC of various plant materials. Most of the studies have reported the positive correlation between antioxidant capacities and TPC as well as TFC. [2, 4, 20, 25, 31] In contrast to this, a study have also reported a negative relation between antioxidant activity and TPC of strawberry. [32] The results of correlation study between TPC, TFC, and antioxidant capacity is presented in Figure 1 . It can be observed that the antioxidant capacity of flowers is significantly related to the TPC values. Whereas, TFC value and antioxidant capacities of flowers exhibit a poor relation. The term "antioxidant capacity" can be explained as the amount of phenolic contents or the ability of a sample to scavenge free radical. There are several assays reported for determination of antioxidant capacity such as DPPH free radical scavenging, FRAP assay, and ABTS assay. There is actually no correlations among these methods as these methods follow completely different mechanisms. DPPH method is based on the capacity of reducing DPPH free radical; ABTS assay depends on the ability of reducing ABTS + to the reduced form ABTS, while FRAP method is performed by stabilizing ferric ions to the ferrous form through donating electrons. Thus, the antioxidant capacity of a sample accessed using these methods cannot be compared.
Correlations between phytochemicals and antioxidant capacities
The information in Figure 1 indicated that there is a positive and high correlation between TPC values and antioxidant capacities in edible flowers. However, the correlation coefficients were not as high as the results reported by Li et al. [4] in which the correlation coefficients was 0.954 between TPC value and ABTS assay, and 0.911 between TPC and FRAP assay. The potential reason may be the difference in the extraction solvent. Li et al. focused on the water-soluble fraction of phenolic content along with fat-soluble fraction, both of these fraction contribute to the antioxidant capacity in flowers. [4] It is clearly observed from Figure 1 that TFC and antioxidant capacity of 65 flowers, demonstrate that flavonoids exhibits less correlation. This observation explains that flavonoid content of flowers has less contribution towards antioxidant capacities of edible flowers. However, previous researches emphasizes on flavonoids as an important antioxidant compounds along with phenolic acids contributes toward the antioxidant capacities of plant materials. [4, 7, 33] 
Conclusion
This study is focused to determine TPC, TFC, DPPH, ABTS, and FRAP values of 65 edible flowers from China. A relatively comprehensive profile of phenolic contents and antioxidant capacities were generated. The high correlations between TPC values and three antioxidative values (DPPH, ABTS, and FRAP) indicated that phenolic contents such as phenolic acids and anthocyanins contributed towards the strong antioxidant capacities of these flowers. However, a low correlation was found between TFC values and DPPH, ABTS and FRAP. Five kinds of Rosa species including rose, white rose, Yunnan rose, China rose, and French rose showed relatively stronger antioxidant capacities and can be used as a potential function food and for elimination of reactive oxygen species that ultimately results in reducing oxidative stress.
